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International standards for anaesthetic machines and clinical monitors have developed piecemeal over the last few decades, in large part without substantial consultation with clinicians. Anaesthesia workstations developed rather in the way that smart cars will now park themselves, keep the driver in lane, and even avoid high kerbstones in mediaeval streets. A recent car review noted that a simple new car was one that could be driven away within 3 min, whereas a truly smart car took 30 min to get going! In the first half of the twentieth century, anaesthetists used relatively simple 'machines' in which the works were visible. The user could see how the gases went round, and where the pipes and tubes and valves were placed. Anaesthetists learnt to use simple 'Boyle's' machines, and ventilated the lungs by squeezing a reservoir bag. Even current textbooks reflect these origins in their illustrations. Ventilators were available, but considered too complex and dangerous to use in the operating theatre, even for prolonged thoracic operations. Flammable anaesthetic agents contributed to a ban on electrical apparatus on anaesthetic machines. The authors had to contest a ruling of the Common Services Agency of the Scottish National Health Service before attaching electrical supplies to anaesthetic machines to provide power for ECG monitors and ventilators.
On these machines, we were able to see everything, and work out where and if it was connected, and see if it was working or not. It was especially important to be able to see that the valves on circle systems had not stuck, because capnography was far from universal. In the 1980s, monitoring increased enormously: devices that allowed invasive arterial and venous pressure measurement, pulse oximetry, capnography, rapid response non-invasive arterial pressure measurement, volatile agent analysis, and to track cerebral function were all heaped on to overloaded machines. The logical response was to 'integrate' these in the 'workstation' and manufacture a box with a smooth outside and a work surface that could be wiped down.
Unfortunately, these workstations now shroud the works in mystery. Non-return valves may be shown, but their housings are hidden, where they can be fractured without the break being obvious. Modern trainees have become ignorant of the gas flow patterns inside these workstations. Most are unaware that the fresh gas flow, during expiration, can pass 'backwards' through the absorbent (Fig. 1A) and equally are surprised to learn that the fresh gas flow setting can affect the inspiratory flow rate (Fig. 1B) .
The problem can be avoided by either 'decoupling' the fresh gas inflow, or by using sensors in the ventilator control system to detect and compensate for the effect on inspiratory flow. Modern 'workstations' do this, although Wallon and colleagues 1 have found that success is far from universal or complete. They found that a delivered tidal volume could differ from the set volume by as much as 12.5%. Other studies have also shown that setting tidal volumes may be open to error. 2 3 How can we trust the many scientific studies that have been carried out without validation, using apparatus that has been assumed to behave as specified, or claimed, by the manufacturer? Modern scientific articles rarely approach the description of methods in the exacting and rigorous detail that was required in past studies. 4 How many investigators would know that a 3 litre min 21 flow passes through the patient tubing of an Evita ventilator to allow triggering of inspiratory assist? Certainly not the authors of a large study who carefully collected gas from the ventilators' expiratory ports believing it all came from the patient! Most studies of ventilators are done to assess performance in the intensive care unit. However mechanical ventilators are also used for anaesthesia and for this application testing breathing system where the fresh gas inflow is not 'decoupled' from the patient connection. (A) During expiration fresh gas flow passes towards the spill valve, displacing mixed exhaled gas. In this configuration, the container for the absorbent acts as a reservoir to accommodate the fresh gas and mixed exhaled gas is vented preferentially. (B) During inspiration, the spill valve is closed: fresh gas inflow contributes to flow into the patient.
performance for this use requires a different approach. Current textbooks of anaesthesia fail to describe the interaction between fresh gas flow and the anaesthetic circle system, although this effect has been known for years, and was considered carefully in what could be legitimately called an 'ancestor' textbook. 5 A chapter in this book considers 'Practical aspects of automatic ventilators: some applications of basic principles', in a section prominently headed 'Difference between volume excursion of the reservoir by a ventilator and the tidal volume received by the patient'. Full consideration of this topic in more recent textbooks on anaesthesia, from short to encyclopaedic, both the UK and the USA, is hard to find. Most textbooks cover anaesthesia circle systems with diagrams that show a reservoir bag, and neglect the important differences imposed by the addition of a mechanical ventilation system. If the arrangement of the system components is considered at all, it is in relation to the preferential venting of exhaled gases. Considerations of mechanical ventilation during anaesthesia discuss patient physiology such as mechanical properties of the respiratory system, and ignore the apparatus (mis)used. This is a widespread and frequent failing of textbooks, which address the 'same old same old' with depressing uniformity and neglect chasms of ignorance that require to be negotiated by the tyro reader. 6 However, some may feel that textbooks may now be passé: a website 'The Anesthesia Gas Machine' covers the topic fully, although this topic does happen to be an interest of the author. Several investigators have suggested that large tidal volume settings during anaesthesia may cause lung damage. However, it could be that this evidence is not as robust as we should expect: of the nine studies considered in a recent review, 8 three gave no exact details of the ventilator system used. In contrast, one study took pains to independently measure the delivered volumes. 9 The differences between 'set' and 'actual' tidal volumes found in the study of Committees have many clinicians present, because time away from work and funding to attend such meetings may not be available, especially in the UK. Thus, most of the participants at these meetings are engineers, engineering matters are considered exhaustively, and clinically relevant matters can be ignored. For example, early standards stated that labels should be 'CLEARLY LEGIBLE' but the exact nature of 'clearly legible' was not specified. A presbyopic clinician looking at an infusion pump at the bottom of a rack in a dimly lit ward might have a different view of this statement, compared with a young engineer with equipment on a lab bench. Happily, this has now been improved: 'clearly visible' is defined as legible from 1 m, at a viewing angle between 0 and 308, and a light level between 100 and 1500 lux. However, the viewer is expected to have normal visual acuity, which may not always be the case for clinical staff. Even allowing for the use of spectacles, can employers insist that all hospital employees have 20/20 vision?
The engineer's concept of the environment in which medical equipment is used may not accord with clinical reality. For example, the possible risks of electrical microshock have been described, explained, and considered in textbooks for many years. When considering this possibility, engineers approach each device in isolation. Thus, a photograph illustrating a typical cardiac surgical theatre caused quite a stir when presented at an ISO meeting (Fig. 2) .
The devices involved are listed in the caption. In such an environment, estimating leakage current in these devices, and which manufacturer is responsible, is problematic. Fortunately, micro shock from leakage currents appears to be very rare, and documentation is extremely sparse. A US senate enquiry, sparked by the exaggerated reports of patients in the USA dying of microshock, heard expert testimony to this. In a review of the evidence 30 years later, no case had been reported since the senate enquiry.
11 Problems with induced current from diathermy 12 and excessive current drain are more frequent, 13 14 but these are not addressed other than with prohibition rather than providing a solution.
As modern anaesthetic machines are electrically powered, both ISO and IEC are involved in setting the relevant standard (ISO/IEC 80601-2-13 Medical electrical equipment-Part 2-13: Particular requirements for basic safety Editorial III and essential performance of an anaesthetic workstation). This standard was prepared by two Technical Committees [ISO/IEC/TC 121, Anaesthetic and respiratory equipment, Subcommittee SC 1, (Breathing attachments and anaesthetic machines) and Technical Committee IEC/TC 62, Electrical equipment in medical practice, Subcommittee SC D (Electromedical equipment)]. The standard does not define the precision with which an anaesthetic ventilator should deliver the set inspired tidal volume. The matter of accuracy is left to the manufacturers. Most clinicians would consider the accurate delivery of any set tidal volume to be one of the most important features of a ventilator. Because gas volumes change with changes in gas temperature and humidity, and also because different flow measurement devices, responding to mass, or volume flow, are used by different manufacturers, these aspects are not addressed. Instead, the standard requires that a workstation with a ventilator should include a monitor of exhaled volume, and that this should meet a standard of accuracy. Anaesthetists would be surprised to learn that an expired volume measuring device is only required to be accurate within 20%. Naturally, gas volume measurements are complicated by changes in temperature and humidity, but physiologists have been able to tackle these problems satisfactorily for more than a century. Although the relevant standards contain a plethora of details that do not really matter to clinicians, they ignore the need for accurate gas delivery systems, which clinicians might consider fundamental.
Anaesthetists would probably be even more surprised that BS EN ISO 8835-4:2009 Inhalation anaesthesia systems Part 4: Anaesthetic vapour delivery devices (ISO 8835-4:2004) requires the accuracy of an anaesthetic vapour concentration to be 220 or +30% of the set value.
Clearly, although clinical equipment may conform to current standards, this may not be adequate for research purposes without careful independent calibration. For example, Wong and colleagues found that 'the unadjusted Ultima [multiple gas analyser] with its existing relatively slow response time cannot act as a straight replacement for a respiratory mass spectrometer'. 15 Everyday clinicians should be aware that the standards set for their equipment may not be what they might expect. Greater input from clinicians could improve these standards. In many circumstances where exact measurements are sought, whether for research or clinical purposes, there may be no solution other than to independently verify the performance of everyday equipment with suitable measuring equipment: and also to verify the performance of that measuring equipment! 
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